INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignancies worldwide [1] . With economic development and changes in dietary history, CRC has shown a steadily increasing incidence and is now the fifth leading cause of cancer-related death in China [2, 3] . Due to adverse treatment-related side effects and the poor prognosis of this disease, which results from easy recurrence and metastasis, oncotherapy for CRC has posed a dilemma [4] . In addition, lymph node metastasis is the main type of metastasis in advanced CRC. The occurrence rate of T1-stage CRC has been reported to be approximately 3.51% [5, 6] . When the tumor is completely removed, patients with T1-stage CRC generally have a good prognosis. However, because metastasis does not often occur in lymph nodes in T1-stage CRC, lymph node metastasis is often overlooked during the process of diagnosis and treatment. Nevertheless, lymph node metastasis is one of the most essential prognostic risk factors. Chock et al [7] reported that the incidence of lymph node metastasis was 5.6% in T1-stage CRC, whereas Gao et al [8] demonstrated that the occurrence of lymph node metastasis was 5.5% in T1-stage CRC. Zheng et al [9] reported that elevated serum levels of tumor markers indicated a high risk of cancer recurrence and poor survival, yet the relationship between tumor markers and lymph node metastasis in T1-stage CRC remains unknown. Our study found that the incidence of lymph node metastasis was 8.41% in T1-stage CRC. What is the detailed prognostic value of lymph node metastasis in T1-stage CRC? This question has received increased attention in clinical practice, but as of now, no definite answer has been provided. In this study, 321 cases of T1-stage CRC were selected from 10132 patients with CRC who received surgical therapy in six large-scale hospitals in China and were retrospectively analyzed. A statistical analysis was performed to analyze the features of lymph node metastasis and to evaluate its risk factors and prognostic value in patients with T1-stage CRC. These data will provide a theoretical basis for more effective treatment of patients with T1-stage CRC. 
MATERIALS AND METHODS

Research subjects
Patient follow-up
After surgery, the patients were assessed once a month for the first 6 mo, once every 3 mo from 6 mo to 2 years, once every 6 mo from 2 years to 5 years, and finally, once a year after 5 years. Follow-ups were conducted either by outpatient or inpatient review or by telephone. Forty patients did not participate in the follow-up analyses because they did not communicate with the physicians after surgery. In addition, 16 patients developed dysthymia and were unable to cooperate for the remainder of the study, two patients committed suicide, and 21 patients did not participate in the follow-up for unknown reasons. Therefore, the total follow-up rate in the study was 75.39%.
Chemotherapy and radical surgery
According to the NCCN Guidelines, CRC with lymph node metastasis is defined as stage Ⅲ disease, but postoperative chemotherapy should be performed in CRC patients with lymph node metastasis, regardless of T stage. FOLFOX6 was used as the first-line adjuvant or neoadjuvant therapy regimen for CRC patients with stage Ⅲ disease. CapeOX was used as either a firstor second-line adjuvant or neoadjuvant chemotherapy regimen for patients with stage Ⅲ CRC, those with drug resistance, or those with postoperative recurrence. FOLFIRI was used as the chemotherapy regimen for CRC patients with postoperative recurrence, metastasis, or drug resistance.
Radical surgery was performed according to complete mesocolic excision for patients with colon cancer and total mesorectal excision for patients with rectal cancer. All the patients received scheduled surgery (i.e., not emergency surgery). More than 12 lymph nodes were removed during surgery.
Statistical analysis
All statistical analyses were performed with SPSS version 18.0. Graphs were constructed with GraphPad Prism software. Univariate analysis was performed using the χ 2 test to analyze the association between lymph node metastasis and clinicopathological parameters. Kaplan-Meier survival curves and the log-rank test were used to compare the group with lymph node metastasis and the group without lymph node metastasis. The multivariate survival analysis was performed using the Cox regression model to determine the relative risk (RR) and 95% CI. Statistical significance was defined as P < 0.05.
RESULTS
Univariate analysis of correlation between lymph node metastasis and clinicopathological parameters of patients with T1-stage CRC
In all, 321 patients with T1-stage CRC were divided into a lymph node metastasis group (27 cases) and a non-lymph node metastasis group (294 cases). The occurrence rate of lymph node metastasis was 8.41%. The univariate analysis showed that lymph node metastasis was associated with preoperative CEA, preoperative CA199, preoperative CA724, vascular invasion, and degree of differentiation (P < 0.05, for all parameters; Table 1 ). Lymph node metastasis was not associated with gender, age, smoking status, absolute tumor type, or tumor tissue type (P > 0.05 for all).
Univariate analysis of correlation between clinicopathological parameters and 5-year OS
As shown in Table 3 , the univariate survival analysis demonstrated that age, preoperative CEA, preoperative CA199, vascular invasion, degree of differentiation, and lymph node metastasis ( χ 2 = 24.180, P < 0.001)
were associated with 5-year OS (P < 0.05 for all). Gender, smoking status, preoperative CA724, absolute granulocyte count, D-dimer value, preoperative hemoglobin level, tumor location, tumor size, general tumor type, and tissue type were not associated with 5-year OS (P > 0.05 for all). The Kaplan-Meier curve showed that the 5-year OS of patients in the lymph granulocyte count, D-dimer value, preoperative hemoglobin level, tumor location, tumor size, general tumor type, or tumor tissue type (P > 0.05 for all).
Multivariate analysis of correlation between lymph node metastasis and clinicopathological parameters of patients with T1-stage CRC
The multivariate analysis showed that lymph node metastasis was associated with preoperative CA724, vascular invasion, and degree of differentiation (P < 0.05 for all parameters; Table 2 ). Lymph node metastasis was not associated with gender, age, smoking status, preoperative CEA, preoperative CA199, absolute granulocyte count, D-dimer value, preoperative hemoglobin level, tumor location, tumor size, general node metastasis group was lower than that of patients in the non-lymph node metastasis group (Figure 1 ).
Cox regression analysis of correlation between clinicopathological parameters and 5-year OS
The multivariate survival analysis showed that preoperative CA199 level and lymph node metastasis (RR = 5.117, P < 0.05, 95%CI: 0.058-0.815) were associated with 5-year OS (P < 0.05 for all, Table 4 ). In contrast, gender, age, smoking status, preoperative CEA level, preoperative CA724 level, absolute granulocyte count, D-dimer value, preoperative hemoglobin level, tumor location, tumor size, general tumor type, tissue type, vascular invasion, and degree of differentiation were not associated with 5-year OS (P > 0.05 for all).
DISCUSSION
CRC is the third most common cancer and the third leading cause of cancer-related death worldwide [10] . The 5-year OS rate of patients with colon cancer is 64.9% and is 66.5% for those with rectal cancer. T1 stage is generally early-stage CRC and has a good prognosis, but if lymph node metastasis occurs, the prognosis is usually poor. Therefore, lymph node metastasis has garnered increased attention in recent years. According to previous studies, the proportion of lymph node metastasis in patients with T1-stage CRC was reported to be 5.6% and 5.5%, which is relatively low [11, 12] . In this study, the proportion of lymph node metastasis in patients with T1-stage CRC was 8.41%. The factors that affect lymph node metastasis of T1-stage CRC are multifaceted and are also interrelated with each other. Lymph node metastasis is the main basis for clinic pathological staging of CRC for the prediction of prognosis of patients and for the determination of the appropriate regimen of postoperative adjuvant therapy. Therefore, it is necessary to study the risk factors that are correlated with lymph node metastasis of CRC, as well as their influence on the prognosis of T1-stage CRC [13] [14] [15] . Some studies have reported that tumor markers had certain clinical value in the detection of postoperative recurrence and metastasis of CRC as well as in the judgment of prognosis [16] [17] [18] . In our study, univariate analysis showed that preoperative CEA, preoperative CA199, and preoperative CA724 were associated with lymph node metastasis, while multivariate analysis showed that preoperative CA724 was an independent risk factor for lymph node metastasis. CA724 has been reported to be a marker for gastrointestinal and ovarian cancers and was shown to be a better indicator for the diagnosis of gastric cancer compared with the levels of CA199 and CEA. Our study found that the CA724 level was a good indicator of lymph node metastasis, which has not been previously reported in T1-stage CRC.
Previous studies have reported that the degree of differentiation of tumor cells in rectal cancer was closely related to lymph node metastasis [19, 20] . Our study demonstrated that the degree of differentiation was an independent risk factor for lymph node metastasis of T1-stage CRC. The reason for this may be that when the degree of differentiation is relatively high, the tumor cells are still in a more primitive stage, and the possibility that they may invade the lymph nodes is much lower. Poorly differentiated or undifferentiated carcinomas have a strong ability to invade the surrounding tissues, especially the lymphatic vessels. Derwinger et al [21] showed that the degree of differentiation of CRC was significantly associated with lymph node metastasis. In our study, the rates of lymph node metastasis in patients with highly/moderately and poorly differentiated T1-stage CRC were 7.5% and 28.6%, respectively. In addition, univariate survival analysis showed that the degree of tumor differentiation was a prognostic factor in patients with T1-stage CRC.
Most studies have reported that vascular invasion was an essential risk factor for lymph node metastasis in CRC [22, 23] . Similarly, our study verified that vascular invasion was a positive independent risk factor for lymph node metastasis in T1-stage CRC [23] . Univariate survival analysis showed that vascular invasion was associated with the 5-year OS of patients with T1- stage CRC. However, according to the multivariate analysis, no correlation was observed between lymph node metastasis and the 5-year OS in T1-stage CRC, which may have been due to the limited case number.
In clinical practice, lymph node metastasis is a significant indicator of clinical evaluation of rectal cancer recurrence and the survival of patients, and is also the primary method used to determine the therapeutic schedule in patients with rectal cancer [24] [25] [26] [27] . When the tumor is confined to the mucosal layer, no lymph node metastasis occurs because the layer has no lymphatic vessels. When lymphatic vessels are distributed in the submucosa, lymph node metastasis is likely to occur when the tumor invades the submucosa. When the tumor invades the deep intestinal wall, the lymph node metastasis rate will increase significantly [28, 29] . In our study, the lymph node metastasis rate of this group of patients with T1-stage CRC was 8.41%, which is mostly consistent with previous reports [7, 8] . In this study, the survival analysis of T1-stage CRC patients showed that patients without lymph node metastasis had a significantly higher 5-year survival rate than those with lymph node metastasis. Furthermore, our study verified that lymph node metastasis was an independent prognostic factor in patients with T1-stage CRC, which is also consistent with previous reports [30] . With the development of several new technologies, such as endoscopic mucosal resection, endoscopic submucosal dissection, and transanal endoscopic microsurgery, studies on local resection for the treatment of early rectal cancer have gradually increased [31] [32] [33] . The biggest drawback of local resection is its failure to dissect the lymph nodes in relevant drainage areas. Left metastatic lymph nodes are an important reason for postoperative recurrence, which is also the reason why caution should be taken if local resection is selected [34] [35] [36] . Consequently, if it is not clear whether preoperative lymph node metastasis is present in T1-stage CRC, radical surgery may be the most suitable choice. Moreover, the intraoperative dissection of lymph nodes should be standardized.
In conclusion, through statistical analysis, we verified that the occurrence rate of T1 stage out of all the cases of CRC was 3.17%; the lymph node metastasis rate was 8.41%, and the non-lymph node metastasis rate was 91.59%. Preoperative serum CA724 level, vascular invasion, and degree of differentiation were independent risk factors for lymph node metastasis in patients with T1-stage CRC. Lymph node metastasis was an essential prognostic factor in patients with T1-stage CRC. An accurate assessment of lymph node metastasis status is essential for decisionmaking regarding effective intraoperative therapeutic strategies for T1-stage CRC.
ARTICLE HIGHLIGHTS
Research background
Lymph node metastasis is the primary type of metastasis seen in advanced colorectal cancer (CRC). The occurrence rate of T1-stage CRC has been reported to be approximately 3.51% [5, 6] . When the tumor is completely removed, patients with T1-stage CRC generally have a good prognosis. However, since lymph node metastasis rarely occurs in T1-stage CRC, lymph node metastasis is often overlooked during the process of diagnosis and treatment. Nevertheless, lymph node metastasis is one of the most essential prognostic factors. In this study, we explored the features and prognostic value of lymph node metastasis, which will provide a theoretical basis for more effective treatment of patients with T1-stage CRC.
Research motivation
The main topic of this study is the exploration of whether lymph node metastasis in patients with T1-stage CRC is valuable for patient survival in multiple centers in China. The key is to find the risk factors for lymph node metastasis of CRC. The significance is the confirmation of the prognostic value of lymph node metastasis in patients with T1-stage CRC.
Research objectives
Studies have reported that lymph node metastasis is an essential prognostic factor for patients with CRC and that lymph node metastasis seldom occurs in T1-stage CRC. However, the definitive prognostic value of lymph node metastasis of T1-stage CRC remains elusive. The main objective of this study was to explore the features and prognostic value of lymph node metastasis in patients with T1-stage CRC. 
ARTICLE HIGHLIGHTS
Research methods
The current research was a case-control study.
Research results
The occurrence rate of T1 stage CRC was 3.17% (321/10,132); of these cases, the lymph node metastasis rate was 8.41% (27/321), and the non-lymph node metastasis rate was 91.59% (294/321). Univariate analysis showed that preoperative serum CEA, preoperative serum CA199, preoperative serum CA724, vascular invasion, and degree of differentiation were associated with lymph node metastasis in T1-stage CRC. Multivariate analysis indicated that preoperative serum CA724, vascular invasion, and degree of differentiation were closely related to lymph node metastasis. Log-rank survival analysis showed that age, preoperative serum CEA, preoperative serum CA199, vascular invasion, degree of differentiation, and lymph node metastasis were prognostic factors for 5-year OS. COX regression analysis demonstrated that preoperative serum CA199 and lymph node metastasis were independent prognostic factors for 5-year OS of patients with T1-stage CRC.
Research conclusions
The morbidity of T1-stage CRC was 3.17% out of all cases of CRC. Preoperative serum CA724, vascular invasion, and degree of differentiation were independent risk factors for lymph node metastasis of T1-stage CRC. Lymph node metastasis was an independent prognostic factor of OS in patients with T1-stage CRC.
Research perspectives
T1-stage CRC is generally regarded as the early stage, easily leading to the neglect of metastasis, especially lymph node metastasis. However, the prognosis of a little part of these cases (8.41%) with lymph node metastasis will be much poorer than those without. We also analysed high risk factors of lymph node metastasis of T1-stage CRC patients. Therefore, we must pay enough attention to lymph node metastasis status of T1-stage CRC patients to guide clinic therapy. Future studies should be focused on greater verifying study to expand further clinical samples. In addition, the mechanistic study of lymph node metastasis in T1-stage CRC patients should be further explored. Multicenter prospective cohort clinical studies will be needed to further validate the conclusion. Moreover, high-throughput transcriptome or proteome screening technology will be necessary for analysing the regulators of lymph node metastasis in T1-stage CRC patients in the future.
